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PLASMA PROCESSING APPARATTUS,
PLASMA PROCESSING METHOD, AND
STORAGE MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. patent application
Ser. No. 13/434,284, filed on Mar. 29, 2012, which claims
priority from Japanese Application No. 2011-080133 filed on
Mar. 31, 2011, and U.S. Provisional Application No. 61/477,
182 filed on Apr. 20, 2011, respectively, all of which are
incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a parallel flat-panel type
plasma processing apparatus.

BACKGROUND

A parallel flat-panel type plasma processing apparatus
used in a semiconductor fabrication process is configured in
such a manner that a substrate placing table serving as a lower
electrode and an upper electrode are placed opposite to each
other within a vacuum chamber, and high-frequency power is
applied between both the electrodes to convert a processing
gas into plasma. Since a gas supply unit is generally config-
ured as a gas shower head that ejects processing gas in a
shower type, the upper electrode is configured by an electrode
plate positioned in a lowest part of the gas shower head.

In this apparatus, the temperature of a substrate is deter-
mined by heat dissipation to the placing table, heat absorption
from plasma, and radiation heat from the upper electrode, but
the temperature of the upper electrode is set to a temperature
which is considered to be appropriate with respect to some
processes. It is difficult to install a temperature detecting unit
in the upper electrode and a neighboring region thereof
because a high-frequency power flows on the upper electrode
and the neighboring region thereof. As a result, for example,
a value of power supplied to a heater for heating the upper
electrodes, which is placed above the gas shower head, is set
to an appropriate value in advance.

Meanwhile, as the plasma processing apparatus is actu-
ated, a processing environment is changed. As a detailed
example, in a plasma etching apparatus, a reaction product in
etching may be adhered to a member. When the reaction
product is adhered, several changes occur. For example, a
change in a surface state of a ring member (a focus ring) for
adjusting a state of plasma, which is placed to surround a
substrate placing area in the placing table, a change in diam-
eter of a gas supply hole of the gas shower head, and a change
in state of an inner wall surface of the vacuum chamber occur,
such that a processing result or a processing speed is changed.
Further, according to a verification test of the present inven-
tors, the upper electrode is exposed to plasma, and as a result,
a plate thickness may decrease.

In view of operating the apparatus, maintenance of clean-
ing the inside of the vacuum chamber by periodically con-
verting cleaning gas into plasma or replacing members with
new ones is performed. However, an atmosphere of the pro-
cessing environment is changed between a state of a so called
initialization moment and a moment of operating the appara-
tus thereafter, and as a result, a processing state between
substrates is not constant. When the lot of substrates is
changed, even between an initial replacement time of the lot
and a time when the number of processed sheets of substrates
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2

thereafter increases, the environment atmosphere is also
changed to influence processing uniformity among the sub-
strates.

Japanese Patent Application Laid-Open No. 2011-3712
discloses a technology of adjusting the parameters of a pro-
cessing recipe by sequentially measuring a processing result
of'the substrate and feeding back the measurement result, and
managing an update of a feed-back value by using an accu-
mulation time of applying high-frequency power or an
elapsed time after initialization of the apparatus. However,
this technique needs an expensive measurement device and
deterioration in a throughput based on a time required to
measure the processing result is inevitable.

Japanese Patent Application Laid-Open No. 2011-9342
discloses a technology of operating a substrate processing
apparatus of connecting a plurality of process modules (PMs)
that perform plasma processing such as dry etching to the
vicinity of a transfer module that transports a substrate in
vacuum. According to Japanese Patent Application Laid-
Open No. 2011-3712, when a control job (CJ) which is first
activated in any PM does not have a process job (PJ) which is
executable in a corresponding PM, the CJ first belongs to
another CJ and execution of the PJ which is executable in the
corresponding PM is permitted. As a result, an atmosphere
within the corresponding PM is prevented from being signifi-
cantly changed whenever the PJ is executed. However, Japa-
nese Patent Application Laid-Open No. 2011-9342 does not
disclose a technology of reducing the influence of the pro-
cessing environment which is changed as the apparatus is
actuated.

SUMMARY

An exemplary embodiment of the present disclosure pro-
vides a parallel flat-panel type plasma processing apparatus
including: a processing chamber provided with a first elec-
trode and a second electrode where a placing table serves as
the first electrode configured to place a substrate, and a high-
frequency power is applied between the first and second elec-
trodes to convert a processing gas into plasma thereby per-
forming a plasma processing for the substrate; a temperature
adjusting mechanism configured to adjust a temperature of
the second electrode; a temperature setting unit configured to
set the temperature of the second electrode in the plasma
processing; a set temperature compensating unit configured
to compensate the set temperature of the second electrode to
become lower than an initial temperature with a used time
elapsed after starting using a new second electrode; and a
temperature controlling unit configured to output a control
signal for controlling the temperature adjusting mechanism
based on the set temperature of the second electrode.

The foregoing summary is illustrative only and is not
intended to be in any way limiting. In addition to the illustra-
tive aspects, embodiments, and features described above, fur-
ther aspects, embodiments, and features will become appar-
ent by reference to the drawings and the following detailed
description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a longitudinal side view illustrating the configu-
ration of a plasma etching apparatus according to an exem-
plary embodiment of the present disclosure.

FIG. 2 is a block diagram illustrating an electrical configu-
ration of the plasma etching apparatus.
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FIG. 3 is an explanatory diagram illustrating an example of
a processing parameter set as a recipe used when plasma
etching apparatus is actuated.

FIG. 4 is a compensation value table for compensating the
processing parameter.

FIG. 5 is a flowchart illustrating the flow of an operation of
the plasma etching apparatus.

FIG. 6 is an explanatory diagram illustrating a temporal
change in temperature set value of a heater installed in the
plasma etching apparatus.

FIG. 7 is an explanatory diagram illustrating a temporal
change in etching speed of a photoresist layer by the plasma
etching apparatus.

FIG. 81s an explanatory diagram illustrating an experimen-
tal result for verifying the temporal change in etching speed of
the photoresist layer.

FIG. 9 is an explanatory diagram illustrating a change in
temperature of an upper electrode when a wafer is processed
by using the plasma etching apparatus.

FIG.10is an explanatory diagram illustrating the change in
temperature of the upper electrode when the temperature set
value of the heater is changed.

FIG. 11A, FIG. 11B and FIG. 11C each are an explanatory
diagram of a background art according to a second exemplary
embodiment.

FIG. 12 is a plan view of a plasma etching apparatus
according to the second exemplary embodiment.

FIG. 13 is a block diagram illustrating an electrical con-
figuration of a plasma etching apparatus according to the
second exemplary embodiment.

FIG. 14 is a compensation value table for compensating a
processing parameter between lots by using the plasma etch-
ing apparatus according to the second exemplary embodi-
ment.

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawing, which form a part hereof. The
illustrative embodiments described in the detailed descrip-
tion, drawing, and claims are not meant to be limiting. Other
embodiments may be utilized, and other changes may be
made, without departing from the spirit or scope of the subject
matter presented here.

The present disclosure has been made in an effort to pro-
vide atechnology that can suppress the processing uniformity
among substrates from being deteriorated due to a change in
atmosphere of a processing environment by using an appara-
tus in a parallel flat-panel type (capacitively coupled) plasma
processing apparatus.

An exemplary embodiment of the present disclosure pro-
vides a parallel flat-panel type plasma processing apparatus
including: a processing chamber provided with a first elec-
trode and a second electrode where a placing table serves as
the first electrode configured to place a substrate, and a high-
frequency power is applied between the first and second elec-
trodes to convert a processing gas into plasma thereby per-
forming a plasma processing for the substrate; a temperature
adjusting mechanism configured to adjust a temperature of
the second electrode; a temperature setting unit configured to
set the temperature of the second electrode in the plasma
processing; a set temperature compensating unit configured
to compensate the set temperature of the second electrode to
become lower than an initial temperature with a used time
elapsed after starting using a new second electrode; and a
temperature controlling unit configured to output a control
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signal for controlling the temperature adjusting mechanism
based on the set temperature of the second electrode.

An example of the expression ‘with a used time of the
second electrode elapsed’ may include, for example, the accu-
mulation time of the plasma processing after starting using a
new second electrode or the number of processed substrates.

The set temperature compensating unit includes a storage
unit configured to store compensation data acquired by asso-
ciating a compensation value of the set temperature of the
second electrode with an accumulation time of the plasma
processing or the number of processed substrates after start-
ing using a new second electrode, and is configured to read the
compensation value of the set temperature depending on the
accumulation time of the plasma processing or the number of
processed substrates from the storage unit to compensate the
set temperature set in the temperature setting unit. The set
temperature compensating unit includes an input screen for
inputting the compensation value of the set temperature of the
second electrode with the accumulation time of the plasma
processing or the number of processed substrates after start-
ing using a second electrode.

Another exemplary embodiment of the present disclosure
provides a plasma processing method using a parallel flat-
panel type plasma processing apparatus having a processing
chamber provided with a first electrode and a second elec-
trode where a placing table serves as the first electrode con-
figured to place a substrate, and a high-frequency power is
applied between the first and second electrodes to convert a
processing gas into plasma thereby performing a plasma pro-
cessing for the substrate, the method including: setting the
temperature of the second electrode in the plasma processing;
compensating the set temperature of the second electrode set
in the setting process to become lower than an initial tem-
perature with a used time elapsed after starting using a new
second electrode; and controlling a temperature adjusting
mechanism for adjusting the temperature of the second elec-
trode based on the set temperature of the second electrode
compensated in the compensating process.

The compensating the set temperature of the second elec-
trode is performed based on compensation data acquired by
associating a compensation value of the set temperature of the
second electrode with an accumulation time of the plasma
processing or the number of processed substrates after start-
ing using a new second electrode.

A non-transitory computer-readable recording medium
storing a computer program that, when executed, causes a
computer to control a parallel flat-panel type plasma process-
ing apparatus having a processing chamber provided with a
first electrode and a second electrode where a placing table
serves as the first electrode configured to place a substrate,
and a high-frequency power is applied between the first and
second electrodes to convert a processing gas into plasma
thereby performing a plasma processing for the substrate,
thereby performing a plasma processing method, including:
setting the temperature of the second electrode in the plasma
processing; compensating the set temperature of the second
electrode set in the setting process to become lower than an
initial temperature with a used time elapsed after starting
using a new second electrode; and controlling a temperature
adjusting mechanism for adjusting the temperature of the
second electrode based on the set temperature of the second
electrode compensated in the compensating process.

According to exemplary embodiments of the present dis-
closure, in a parallel flat-panel type (capacitively coupled)
plasma processing apparatus where a first electrode serving
as a placing table of a substrate and a second electrode oppo-
site thereto are installed, a set temperature of the second
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electrode is compensated to be low with a used time of the
second electrode elapsed after starting using a new second
electrode by considering a phenomenon in which the thick-
ness decreases due to the use of the second electrode to
increase the temperature of the corresponding second elec-
trode. Accordingly, a change in temperature of the second
electrode caused by the use of the second electrode can be
suppressed and variation in processing among substrates
caused by the temperature change of the second electrode can
be reduced.

First Exemplary Embodiment

FIG. 1 illustrates an exemplary embodiment in which a
plasma processing apparatus of the present disclosure is
applied to a plasma etching apparatus. Reference numeral 1
represents an airtight vacuum chamber (processing chamber)
made of, for example, aluminum. A placing table 2 is installed
at the center of the bottom of vacuum chamber 1. Placing
table 2 is configured to have a shape in which the periphery of
the top of a cylinder is notched throughout the entirety of a
circumference thereof and a step portion 8 is formed, that is,
a shape in which a part other than the periphery protrudes
cylindrically on the top. The protruded portion forms a plac-
ing part 20 where a semiconductor wafer (a ‘wafer’) W as a
substrate is placed and a focus ring 21 for adjusting a state of
plasma is placed in step portion 8 surrounding placing part 20.

An electrostatic chuck 22 formed by placing a chuck elec-
trode (not shown) on an insulating layer is installed on the top
of placing part 20, and adsorption/releasing of wafer W may
be switched by supplying/stopping power from a DC power
supply (not shown). A plurality of ejection openings (not
shown) are formed in electrostatic chuck 22, and heat transfer
gas such as He gas that performs heat transfer between elec-
trostatic chuck 22 and wafer W is supplied from the ejection
openings.

A refrigerant passage 231 is formed in placing table 2, and
a refrigerant is configured to circulate through a path of a
refrigerant supply path 232, refrigerant passage 231 and a
refrigerant discharge path 233 in this order. The refrigerant
discharged from refrigerant discharge path 233 is cooled up to
a predetermined temperature set value by a chiller to return
from refrigerant supply path 232 to refrigerant passage 231.
As a result, placing table 2 is maintained to a predetermined
reference temperature by the refrigerant, and the temperature
of wafer W is determined by a balance between heat absorp-
tion from plasma and heat dissipated to placing table 2
through the heat transfer gas.

Placing table 2 also serves a lower electrode (first elec-
trode) of a plasma etching apparatus, and a first high-fre-
quency power supply unit 31 for generating plasma and a
second high-frequency power supply unit 32 for applying
bias power for injecting ions in plasma are connected to
placing table 2 through matching circuits 310 and 320,
respectively.

An elevation pin (not shown) is installed in placing table 2,
and wafer W may be transferred between a transportation arm
(not shown) which is installed outside the corresponding
apparatus and the top (electrostatic chuck 21) of placing table
2.

A shower head 4 which is a gas supply unit for supplying
processing gas into vacuum chamber 1 is installed on a ceiling
of vacuum chamber 1 to be opposite to placing part 20
through insulating member 11. A plurality of ejection open-
ings 41 are formed on the bottom of shower head 4, and
predetermined processing gas is supplied into vacuum cham-
ber 1 from a processing gas supplying system 42 installed
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outside vacuum chamber 1 through a gas supply path 43, a
buffer chamber 44 and corresponding ejection opening 41.

Gas shower head 4 is grounded, and a parallel flat-panel is
formed between gas shower head 4 and placing table 2 as the
lower electrode in a lowest part thereof, such that an upper
electrode (second electrode) 40 for converting the processing
gas into plasma is installed. Since upper electrode 40 is
exposed to a space where plasma is generated, upper elec-
trode 40 is consumed with a use time elapsed by contacting
plasma. Therefore, upper electrode 40 is configured by an
electrode plate which is arbitrarily replaced. Ejection open-
ings 41 are opened toward the inside of vacuum chamber 1 on
the bottom of upper electrode 40.

A temperature adjusting mechanism 47 that adjusts the
temperature of upper electrode 40 is installed on the top of
shower head 4. Temperature adjusting mechanism 47 is con-
stituted by a cooler 45 including a cooling path through which
a Peltier element or a cooling medium circulates and a heater
46 as a heating unit configured by a heat emitting resistor, and
has a function to adjust upper electrode 40 to a desired tem-
perature according to a process situation or a chamber situa-
tion (a situation of each apparatus installed in vacuum cham-
ber 1) by a combined action of both sides.

A carry-in outlet 13 of wafer W which is openable/closable
by a shutter 12 is installed on a side wall of vacuum chamber
1. An exhaust port 14 is installed on the bottom of vacuum
chamber 1, and a vacuum pump 17 is connected to exhaust
port 14 through an exhaust pipe 16 where a pressure adjusting
unit 15 such as a valve is installed.

The aforementioned plasma etching apparatus is con-
nected to a control unit 5 as shown in FIG. 1 and FIG. 2. As
shown in a block diagram of FIG. 2, control unit 5 is config-
ured by a computer including, for example, a central process-
ing unit (CPU) 51 and a program storing unit 52, and is
connected with processing gas supplying system 42, high-
frequency power supply units 31, 32, or pressure adjusting
unit 15.

In program storing unit 52, a program is recorded, in which
a step (command) group regarding the operation of the
plasma etching apparatus, that is, a control until wafer W is
carried into vacuum chamber 1 and vacuum-exhausted, and
the processing gas supplied into vacuum chamber 1 is con-
verted into plasma to etch wafer W, and thereafter, wafer W is
carried out, is embedded. The program is stored in, for
example, a memory medium such as a hard disk, a compact
disk, a magnet optical disk and a memory card, and installed
in the computer therefrom.

Inthe plasma etching apparatus having the aforementioned
configuration, as described as a background art, a phenom-
enon in which a processing environment is changed as the
plasma etching apparatus is actuated may be seen. In particu-
lar, the present inventors recognize that the etching speed of a
film formed on the surface of wafer W gradually decreases
with an operation time elapsed.

As aresult of investigating a cause that generates the phe-
nomenon, the present inventors have found out that, when
upper electrode 40 is consumed by exposing to plasma within
vacuum chamber 1, the temperature of corresponding upper
electrode 40 increases, and the increased temperature reduces
the etching speed of plasma.

Itis understood that the consumption of upper electrode 40
causes a thermal capacity thereof to deteriorate, and as a
result, the temperature of upper electrode 40 increases even
though the temperature is adjusted by temperature adjusting
mechanism 47 by setting the temperature set value to a con-
stant value. It is estimated that a deposition component moves
from upper electrode 40 to wafer W as the temperature of
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upper electrode 40 increases, such that a deposition property
of activated species which contributes to etching increases
thereby decreasing the etching speed.

In order to remedy the phenomenon, the plasma etching
apparatus according to the present exemplary embodiment
has a function to prevent the etching speed from decreasing
by suppressing the increase of the temperature of upper elec-
trode 40 through temperature adjusting mechanism 47 as the
use time of upper electrode 40 elapsed. In particular, since
upper electrode 40 constitutes a part of a high-frequency
circuit and is a member which is difficult to measure the
temperature by using a simple technique, such as a thermo-
couple, the temperature is controlled without measuring the
actual temperature. Specifically, the relationship between an
adjustment amount of temperature adjusting mechanism 47,
for example, a power feeding amount to heater 46 or a flow of
a cooling medium to cooler 45 and the temperature of upper
electrode 40 is determined in advance, and temperature
adjusting mechanism 47 is controlled based on the relation-
ship and the set temperature. Hereinafter, details thereof will
be described.

The plasma processing apparatus of the present exemplary
embodiment includes control unit 5. Control unit 5 includes
CPU 51, program storing unit 52 storing a program 53, a
compensation value setting unit 54 for setting a compensation
value of a parameter (processing parameter), a storage unit 55
storing a parameter compensation value table 551, a recipe
storing unit 56 storing a processing recipe, and a work
memory 57.

Program 53 includes a program for controlling reading the
processing recipe from recipe storing unit 56 and controlling
an apparatus to execute the content of the recipe and a pro-
gram for compensating a parameter value recorded in the
processing recipe by referring to parameter compensation
value table 551, and is the general term for the programs.

Compensation value setting unit 54 receives an input of a
compensation value of a parameter by an operator through an
input screen 541 configured by a touch panel type liquid
crystal display. As for the parameter, for example, the tem-
perature of upper electrode 40, high-frequency power, pro-
cessing pressure and processing time may be used as
described below. As shown in FIG. 2 illustrating a configu-
ration example of input screen 541, a compensation interval
to compensate the temperature and a temperature compensa-
tion value of upper electrode 40 to be compensated for each of
the compensation interval elapsed may be inputted into com-
pensation value setting unit 54 according to the present exem-
plary embodiment. The compensation interval or the tem-
perature compensation value inputted in compensation value
setting unit 54 is stored in a rewritable memory.

The compensation interval and the temperature compen-
sation value inputted into setting screen 541 may be deter-
mined by starting using a new upper electrode 40, and there-
after, determining a relationship between an application time
of the high-frequency power to upper electrode 40 and a
change in temperature or etching speed of upper electrode 40
by a preliminary experiment in advance, as shown in, for
example, an experimental result described below.

Recipe storing unit 56 stores the processing recipe pre-
pared by associating, with the parameter, a processing
sequence executed when the film formed on the surface of
wafer W to be processed is etched. For example, inthe plasma
etching apparatus according to the present exemplary
embodiment, the processing gas or the processing parameter
such as the pressure is switched to consecutively etch multi-
layers formed on wafer W, and a step for executing the con-
secutive etching is stored in the processing recipe.
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FIG. 3 schematically illustrates a setting example of the
processing parameter set for each recipe, and the temperature
or processing time of upper electrode 40 is used as a setting
item of the processing parameter. The processing parameter is
set, for example, for each step corresponding to each of the
multilayers to be etched within one recipe, and as a result,
different types of layers may be consecutively etched.

Parameter compensation value table 551 is prepared as a
table acquired by associating a timing of performing compen-
sation with a compensation value for compensating a set
value disclosed in FIG. 3 in regards to a setting item of which
a set value needs to be changed, for example, with a time
elapsed, among the processing parameters of the respective
recipes. FIG. 4 illustrates an example of parameter correction
value table 551 acquired by associating the compensation
value of the parameter with the number of sheets of wafers
within a corresponding lot when the number of accumulated
lots of wafers W processed by the plasma etching apparatus is
an N-th lot from a predetermined start moment. The compen-
sation value disclosed in parameter compensation value table
551 as shown in FIG. 4 is just a numerical value for ease of
description.

Parameter compensation value table 551 is prepared by
inputting the compensation value of the processing parameter
of'the recipe by designating the step or wafer W with respect
to the setting item as shown in FIG. 3 by using compensation
value setting unit 54. By compensating the parameter value as
described above, for example, a first wafer W of a correspond-
ing lot is processed for a time that is 3 seconds longer than a
process time set in the recipe, and a second wafer W is
processed for a time that is 2 seconds longer than a set value
of the same recipe in steps S4 and S5.

A compensation temperature calculated based on the
aforementioned compensation interval or temperature com-
pensation value with respect to upper electrode 40 may be set
as the compensation value of the corresponding processing
parameter (the temperature of upper electrode 40) in param-
eter compensation value table 551. In the present exemplary
embodiment, the temperature compensation value of upper
electrode 40 is not set in parameter compensation value table
551 and the temperature compensation value is set when the
corresponding N-th lot is executed by a structure as described
below.

The temperature compensation value of upper electrode 40
set in parameter compensation value table 551 is calculated as
follows, for example. Control unit 5 includes a time counting
unit (not shown) that counts and accumulates the time for
which the high-frequency power is applied from first high-
frequency power supply unit 31 for generating plasma, by
using a moment at which the use of a new product as upper
electrode 40 starts as a time count startpoint. Control unit 5
has a function to add the compensation interval and compare
the accumulation value (an accumulation time of plasma
processing) of the application time of the high-frequency
power time counted in the time counting unit with the addi-
tion value. And, whenever the accumulation value of the
application time is more than the addition value of the com-
pensation interval, the compensation interval is added. For
example, when the compensation interval of the temperature
of upper electrode 40 is represented by I sec and the accu-
mulation value of the application time of the high-frequency
power is represented by T, sec, control unit 5 stands by in
such a state during a period of nl >Ta (n=1, 2,3, ...) and
when T,>nl_, ‘n=n+1 is rewritten to repetitively perform a
subsequent comparison operation.

Control unit 5 has a function to add the temperature com-
pensation value whenever T >nl_ and write the added tem-
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perature compensation value in parameter compensation
value table 551 as the compensation value of the processing
parameter regarding the temperature of upper electrode 40.
Herein, when the temperature compensation valueis =1.5° C.
and the compensation value at n=1 is 0° C., the compensation
value of the lot processed during a period in which the appli-
cation time of the high-frequency power is 0<T ,<I_is 0° C.,
and the compensation value of the lot processed during a
period of I <T <21 _is —1.5° C. Therefore, the compensation
values are sequentially added with the increase of the appli-
cation time of the high-frequency power.

Control unit 5 has even a function to generate an execution
recipe by adding each compensation value of the N-th lot
compensation value table which is generated as above to each
value of the processing parameter of the recipe performed as
the lot.

In program 53, a program for controlling temperature
adjusting mechanism 47 will be described. This program adds
the compensation value written in parameter compensation
value table 551 to the parameter value included in the recipe
read from recipe storing unit 56 and writes the parameter
value after compensation in, for example, work memory 57.
In regards to the execution of the recipe, the parameter value
after compensation within work memory 57 is read to control
each unit of the apparatus. The set temperature of upper
electrode 40 is included as the parameter value, and the pro-
gram outputs a control signal for controlling temperature
adjusting mechanism 47 based on the set temperature after
compensation by the aforementioned configuration. In the
temperature control of upper electrode 40, since a tempera-
ture detection value is not fed back, the compensation value of
the set temperature set in compensation value setting unit 54
may be, for example, a value acquired by converting a com-
pensated power feeding amount of the power feeding amount
to heater 46 into the temperature. A relationship between an
adjusted heat quantity in temperature adjusting mechanism
47 and the set temperature is stored in the storage unit (not
shown) as data. And, the adjusted heat quantity, for example,
the power feeding amount to heater 46, the flow of the cooling
medium in cooler 45, or the power feeding amount when
cooler 45 is configured by a Peltier element, is determined
based on the data and the set temperature.

Herein, a correspondence between the respective units in
the present exemplary embodiment and the constituent ele-
ments ofthe appended claims is described. Since the recipe in
recipe storing unit 56 sets the temperature of upper electrode
40, the recipe corresponds to a temperature setting unit. Com-
pensation value setting unit 54 and parameter compensation
table 551 correspond to a set temperature compensating unit,
and the program corresponds to a temperature controlling
unit that outputs the control signal for controlling temperature
adjusting mechanism 47 based on the set temperature.

Hereinafter, the operation of the plasma etching apparatus
having the aforementioned configuration will be described
with reference to a flowchart as shown in FIG. 5. First, in
regard to the executed N-th lot, the accumulation value of the
application time of the high-frequency power and the addition
value of the compensation interval are compared with each
other, and a unit temperature compensation value for each
compensation interval is added to acquire the temperature
compensation value (step K1).

Continuously, the temperature compensation value of
upper electrode 40 is written in the compensation value table
of'the processing parameter (step K2), the temperature setting
value of heater 46 is read from the recipe of recipe storing unit
56, the read temperature set value is compensated by the
temperature compensation value of the compensation value
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table, and the compensated temperature set value is written in
work memory 57 as the execution recipe (step K3).

Herein, as shown in FIG. 4, when the temperature of heater
46 is compensated, common temperature compensation is
performed with respect to all wafers W within the same lot to
suppress a sudden change in a generation state of plasma,
thereby preventing processing results among wafers W
within the same lot from being significantly different from
each other.

Compensation based on the compensation value of the
compensation value parameter is performed even with
respect to another processing parameter within the corre-
sponding recipe to be written in work memory 57 as the
execution recipe.

Meanwhile, a transportation arm (not shown) holding
wafer W enters vacuum chamber 1 from an external vacuum
transportation chamber, and wafer W is transferred to placing
table 2 through an elevation pin (not shown), and adsorption
of wafer W is maintained by electrostatic chuck 22. Heat
transfer gas is supplied to a gap between placing table 2
(electrostatic chuck 21) and wafer W.

An anti-reflection layer, an organic layer or a low-dielectric
layer is laminated on the surface of wafer W, and pattern
masks of a resist layer and a titanitride layer are formed on an
uppermost surface.

Thereafter, the execution recipe is read from work memory
57, and power supply from first and second high-frequency
power supply units 31 and 32, the supply of the processing gas
from processing gas supplying system 42, vacuum exhaus-
tion by vacuum pump 17, or pressure adjustment by pressure
adjusting unit 15 is performed, such that plasma is generated
in a processing atmosphere between lower electrode (placing
table 2) and upper electrode 40.

Thin-film etching of the surface of wafer W is performed
while ions in plasma are injected into wafer W by bias power.
Thereafter, based on the processing parameter of the execu-
tion recipe, the processing gas or a supply amount thereof and
the high-frequency power or process pressure are switched,
and lower layers are etched in sequence.

In this case, even in regard to an output of heater 46
installed in upper electrode 40, the temperature adjustment is
performed by temperature adjusting mechanism 47 based on
the temperature set value after compensation read from the
execution recipe within work memory 57 (step K4). That is,
for example, a control for reducing the quantity of emitted
heat of corresponding heater 46 is performed so as to offset
the temperature increase caused by the consumption of upper
electrode 40.

Herein, in order to easily understand the exemplary
embodiment, if the set temperature of upper electrode 40 is
the same in each process recipe, the temperature set value of
heater 46 decreases stepwise as shown by a solid line in FIG.
6, and the actual temperature of upper electrode 40 is main-
tained to a temperature within a substantially constant range.
As a result, etching speed of various layers formed on the
surface of wafer W varies within a constant range in a saw-
tooth shape according to a stepwise change in the temperature
set value as shown by a solid line in FIG. 7. Herein, FIG. 7
schematically illustrates a state of an etching speed when a
single layer configured by photoresist PR is etched. Dotted
lines shown in FIG. 6 and FIG. 7 indicate the corresponding
temperature set value and the etching speed of PR when the
temperature set value of heater 46 is not compensated. There-
fore, the layer is etched in an appropriate state even when the
temperature set values of upper electrodes 40 are different
from each other among the respective recipes or the respec-
tive steps within the recipe. However, a phenomenon in which
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appropriateness is deficient due to the temperature increase
caused by the consumption of upper electrode 40 is sup-
pressed by compensating the temperature set value.

By this configuration, when a lamination layer to be pro-
cessed, which is formed on the surface of wafer W, is etched,
the supply of the processing gas or the heat transfer gas stops
and wafer W is carried out from vacuum chamber 1 in a
reverse operation to the carry-in operation by cancelling a
vacuum state within vacuum chamber 1 or adsorptively hold-
ing wafer W (end). Multiple wafers W may be etched by
repeating the aforementioned operation with respect to wafer
W that is carried into vacuum chamber 1.

According to the plasma etching apparatus of the present
exemplary embodiment, the following effects are provided.
As a parallel flat-panel type (capacitively coupled) plasma
etching apparatus where lower electrode (first electrode) also
serving as placing table 2 of wafer W and upper electrode
(second electrode) 40 opposite thereto are installed, a set
temperature of upper electrode 40 is compensated to become
lower than an initial temperature with a used time of upper
electrode 40 elapsed after starting using a new upper elec-
trode 40, by considering a phenomenon in which the thick-
ness decreases due to the use of the upper electrode 40 thereby
increasing the temperature of the corresponding upper elec-
trode 40. As a result, the phenomenon in which the tempera-
ture of upper electrode 40 increases caused by the consump-
tion of upper electrode 40 is schematically offset, the
temperature change in corresponding upper electrode 40
caused by the use of upper electrode 40 is suppressed, and
variations in processing among wafers W caused by the tem-
perature change of upper electrode 40 may be reduced.

The example of compensating the set temperature of upper
electrode 40 with the accumulation time of plasma processing
after starting using new upper electrode 40 has been described
in the aforementioned exemplary embodiment, but a tech-
nique of measuring the elapsed time is not limited thereto. For
example, the set temperature may be compensated with an
increase in the number of processing sheets of wafers W after
starting using new upper electrode 40.

Evaluation Experiment in First Exemplary
Embodiment

By using the apparatus such as the plasma etching appara-
tus as shown in FIG. 1, atest operation was performed without
compensating the temperature of upper electrode 40. In the
test operation, a test wafer W was carried into vacuum cham-
ber 1 at the same interval as an actual operation and a prede-
termined test process environment was formed, such that only
predetermined sheets of test wafers W where the PR layer was
formed on the surface thereof were processed. The etching
speed was acquired with respect to the PR layer on the test
wafer by measuring the layer thickness before and after the
test process.

In regard to a condition of the test process, as processing
gas, fluorocarbon gas, argon gas, and oxygen gas were used,
pressure in vacuum chamber 1 was set to 30 [mTorr] (3.99
[Pa]), power supplied from first high-frequency power supply
unit 31 for generating plasma and high-frequency power sup-
ply unit 32 for bias were set to 12.88 MHz, 4500 W and 40 Hz
and 1200 W, and the process time was set to 600 sec.

The measurement values of an etching speed at each timing
were plotted, and a straight line showing a tendency of the
change in etching speed of the PR layer was extracted based
on the plot group to acquire a result as shown in FIG. 8. In test
results acquired by attaching reference numerals A to D of
FIG. 8, vacuum chambers 1 which are tested are different
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from each other, and test start timings are different from each
other. An additional running test was performed with respect
to each vacuum chamber 1 until this test was performed, and
based on a fact that a history of the running test was different
for each vacuum chamber 1, it could be seen that a slope or a
timing of the straight line is different, but the etching speed
tends to decrease with the time elapsed even in regard to the
test result of any one of A to D.

Based on the result, a level of contribution of a temporal
change in the etching speed of the PR layer was analyzed
together with abrasion of focus ring 21, and as a result, it was
proved that the level of contribution of the temperature of
upper electrode 40 is significantly large.

Inthe same vacuum chamber 1, upper electrode 40 that was
used and consumed in the actual operation is replaced with
upper electrode 40 as a new product to process five sheets of
wafers W for each upper electrode 40. A test thermometer was
installed at the center of upper electrode 40 and the tempera-
ture was monitored, and as a result, a result as shown in FIG.
9 could be acquired.

According to the test result as shown in FIG. 9, when
plasma etching of wafer W starts, the temperature of upper
electrode 40 increases and when the etching ends, the tem-
perature decreases. This regard was common in the case
where upper electrode 40 is the new product (shown by the
dotted line in FIG. 9) and the case where upper electrode 40 is
the used product (shown by the solid line in FIG. 9).

Meanwhile, it could be seen that any one of a temperature
which upper electrode 40 reaches during the plasma etching
and a temperature after the plasma etching is the higher in the
case where upper electrode 40 is the used product. From the
test result, it is understood that the temperature increase of
corresponding upper electrode 40 caused by the consumption
of'upper electrode 40 influences the phenomenon (FIG. 8) in
which the etching speed decreases with respect the PR layer.

Therefore, the test as shown in FIG. 9 was performed by
using upper electrode 40 as the new product and changing the
temperature set value of heater 46 heating upper electrode 40.
As a result, when the temperature set value of heater 46 was
150° C. (shown in the dotted line) and 180° C. (shown in the
solid line), respectively, as shown in FIG. 10, it could be seen
that the substantially same temperature difference as the tem-
perature set value of heater 46 was generated in the tempera-
ture of upper electrode 40 in the plasma etching.

By the test results as shown in FIG. 8 to FIG. 10, it could be
seen that as the application time of the high-frequency power
to upper electrode 40 increases, when the temperature set
value of heater 46 decreased, the temperature increase caused
by the consumption of upper electrode 40 is cancelled to
suppress the decrease in etching speed.

Second Exemplary Embodiment

The second exemplary embodiment of the present disclo-
sure is a technology that is not limited to compensation of the
temperature set value (a supplied power value to the heater) of
heater 46 but reviewed by considering how to compensate the
processing parameter configuring the recipe of the plasma
etching apparatus. First, referring to FIG. 11A, FIG. 11B and
FIG. 11C, variation in the processing result of the wafer will
be schematically described.

By considering a line width after etching in the case where
an etched layer of wafer W with a resist mask is etched, the
line width after etching may tend to be thicker from CD1 to
CD2 as shown in FIG. 11A as a used time (process time)
elapsed after cleaning the plasma etching apparatus at, for
example, a time T1.
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The plasma etching executed at the time T1 immediately
after the cleaning as shown in FIG. 11A will be described in
more detail. The line width gradually becomes thicker as
shown in FIG. 11B with the increase in the number of pro-
cessing sheets of wafers W even within the same lot, and as a
result, the line width tends to be saturated with a thickness of
CD3.

As such, when the change in line width between the lots
(FIG. 11A) and the change in line width among wafers W
within the same lot (FIG. 11B) occur depending on the used
time of the plasma etching apparatus, the change in line width
after etching at the time when a time T2 elapsed after the
cleaning is shown in FIG. 11C. In this case, the line width at
the time of starting the corresponding lot is CD2 and the line
width gradually becomes thicker, and as a result, the line
width is saturated with a line of CD2+(CD3-CD1).

Herein, the examples as shown in FIGS. 11A to 11C are
schematically expressed in order to easily understand a back-
ground art according to the second exemplary embodiment
and are not described according to an actual characteristic.
However, it is understood that the processing result is
changed among the lots with the used time of the plasma
etching apparatus elapsed and two types of changes having
different time scales in which the processing result is changed
among wafers W within each lot even in other control items
such as the etching speed than the line width of the etching.

Therefore, a technology for making the processing result
among the lots and wafers W within the same lot constant
(suppressing the variation) will be described by using a sys-
tem of FIG. 12 as an example. The plasma processing appa-
ratus of F1G. 12 is an example of a multi-chamber type plasma
etching apparatus that extracts wafer W from a FOUP 100 on
placing table 101 and transports and processes wafer W to
each of plasma etching units 111 to 114 connected to corre-
sponding vacuum transportation chamber 105 through a load
lock module 104 and a vacuum transportation chamber 105
by using a transportation arm 103 installed within a loader
module 102.

Each ofplasma etching units 111 to 114 is configured as the
parallel flat-panel type plasma etching unit according to the
first exemplary embodiment as shown in FIG. 1, and may etch
wafer W independently. Reference numeral 106 as shown in
FIG. 12 is the transportation arm installed within vacuum
transportation chamber 105.

A case in which wafer W for one lot extracted from FOUP
100 is carried into two plasma etching units 111 and 112, and
plasma-etched concurrently in the multi-chamber type
plasma etching apparatus having the above configuration will
be described. For example, 25 slots capable of holding each
one of 25 wafers W are formed in FOUP 100, and slot num-
bers 1 to 25 are allocated to the slots in sequence from the top.

Since an etching process is performed in parallel in plasma
etching units 111 and 112, wafers W of odd-numbered slots of
Nos. 1,3, 5, . . . are carried into plasma etching unit 111 and
wafers W of even-numbered slots of Nos. 2, 4, 6, . . . are
carried into plasma etching unit 112.

FIG. 13 illustrates an electrical configuration of the plasma
etching apparatus performing the processing. In the figure,
the same reference numerals as the reference numerals as
shown in FIG. 2 refer to common constituent elements to the
plasma etching apparatus according to the first exemplary
embodiment. The plasma etching apparatus according to the
second exemplary embodiment is different from that of the
first exemplary embodiment in that storage unit 55 includes
two types of parameter compensation value tables 551 and
552 of parameter compensation value table 552 for compen-
sating the parameters among a plurality oflots and parameter
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compensation value table 551 for compensating the param-
eters among wafers W within the same lot.

Compensation values for processing parameters for first
and second wafers W within the same lot are stored in param-
eter compensation value table 551 for compensating the
parameters within the same lot between parameter compen-
sation value tables 551 and 552 like the compensation value
table as shown in FIG. 4 which is the first exemplary embodi-
ment. However, the second exemplary embodiment is differ-
ent from the first exemplary embodiment in that a common
compensation value is adopted among the lots.

Herein, parameter compensation value table 551 within the
lot is set to each of plasma etching units 111, 112. As a result,
first, second, third, . . . compensation values of parameter
compensation value table 551 of plasma etching unit 111 are
used with respect to wafers W of the odd-numbered slots of
Nos. 1, 3, 5, . . . of FOUP 100. First, second, third, . . .
compensation values of parameter compensation value table
551 of plasma etching unit 112 are used with respect to wafers
W of the even-numbered slots of Nos. 2, 4, 6, . . . of FOUP
100.

Herein, when 25 sheets of wafers W are included in one lot,
wafers W of odd-numbered slots are carried into plasma
etching unit 112 in a next lot and wafers W of even-numbered
slots are carried into plasma etching unit 111. In accordance
therewith, parameter compensation value table 551 of plasma
etching unit 112 is used when wafers W of odd-numbered
slots are processed in next FOUP 100 and parameter com-
pensation value table 551 of plasma etching unit 111 is used
when wafers W of even-numbered slots are processed.

Meanwhile, in compensation value table 552 among the
lots, for example, after cleaning, wafer W that is first pro-
cessed is set as the first one and a compensation value for the
number of processed sheets of wafers W of accumulation of
the plurality of lots is set, as shown in FIG. 14. For example,
in the example as shown in FIG. 14, the compensation value
of'each processing parameter is set every the number of sheets
of wafers W of accumulation that are carried into each of
plasma etching units 111, 112, for example, 100 sheets. The
compensation value is set for each of plasma etching units
111, 112 even in regard to compensation value table 552
among the corresponding lots.

As such, control unit 5 adds the compensation value of each
of compensation value table 551 within the lot and compen-
sation value table 552 among the lots with respect to the
processing parameter of the selected recipe within recipe
storing unit 56 based on a set-up of recipe compensating
program 53 within program storing unit 52. Therefore, the
execution recipe is generated for each of plasma etching units
111 and 112 to be written in work memory 57.

Each of plasma etching units 111, 112 executes plasma
etching based on the processing parameter read from the
execution recipe. The execution is performed by a process
program 53¢ within program storing unit 52. Variations
between wafers W among the lots and within the lots are
suppressed, which are described with reference to FIGS. 11A
to 11C, by generating a new execution recipe whenever the lot
is switched, thereby maintaining the processing result con-
stantly.

Herein, the example of switching the compensation value
based on the number of sheets of wafers W has been described
in parameter compensation value tables 551, 552 as shown in
FIG. 4 or 14, but the compensation value may be switched
based on other time references. For example, in parameter
compensation value table 551 among the lots, the compensa-
tion value may be switched based on the number of accumu-
lated lots which are processed, and the compensation value
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may be switched based on an accumulation time when plasma
processing is performed, such as the application time of the
high-frequency power. The compensation value may be
switched based on the elapsed time after starting the process-
ing or the accumulation value of the application time of the
high-frequency power even in regard to compensation table
552 within the lot.

The example of performing only the compensation among
the lots with respect to upper electrode 40 has been described
in the first exemplary embodiment, but compensation of
changing the compensation value within the same lot may be
performed by applying the second exemplary embodiment to
the example.

The technology of the second exemplary embodiment may
be applied to a serial type plasma etching apparatus as well in
which other plasma etching units 111 to 114 consecutively
perform etching so that in the multi-chamber type plasma
etching apparatus as shown in FIG. 12, for example, plasma
etching unit 111 performs plasma etching of steps S1 to S3
and performs plasma etching of steps S4 to S6 by transporting
wafer W to plasma etching unit 112.

The compensation method of the processing parameter
according to the second exemplary embodiment is not limited
to various plasma processing apparatuses such as the plasma
etching apparatus, a plasma CVD apparatus and a plasma
ashing apparatus. The compensation method may be applied
to even an application and development apparatus or a verti-
cal heat processing apparatus.

From the foregoing, it will be appreciated that various
embodiments of the present disclosure have been described
herein for purposes of illustration, and that various modifica-
tions may be made without departing from the scope and
spirit of the present disclosure. Accordingly, the various
embodiments disclosed herein are not intended to be limiting,
with the true scope and spirit being indicated by the following
claims.

What is claimed is:

1. A plasma processing method using a parallel flat-panel
type plasma processing apparatus having a processing cham-
ber provided with a first electrode and a second electrode
where a placing table serves as the first electrode configured
to place a substrate, and a high-frequency power is applied
between the first and second electrodes to convert a process-
ing gas into a plasma thereby performing a plasma processing
for the substrate, the method comprising:

setting a temperature of the second electrode in the plasma

processing;

compensating the set temperature of the second electrode

set in the setting process to become lower than the set
temperature of the second electrode according to a used
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time of the second electrode elapsed after start using a
new second electrode in order to supress a temperature
change of the new second electrode caused by an
extended use of the second electrode; and

controlling a temperature adjusting mechanism for adjust-
ing the temperature of the second electrode based on the
set temperature of the second electrode set in the setting
process and the compensated temperature of the second
electrode compensated in the compensating process.

2. The plasma processing method of claim 1, wherein the
compensating the set temperature of the second electrode is
performed based on compensation data acquired by associat-
ing a compensation value of the set temperature of the second
electrode with an accumulation time of the plasma processing
or the number of processed substrates after starting using a
new second electrode.

3. A plasma processing method using a parallel flat-panel
type plasma processing apparatus having a processing cham-
ber provided with a first electrode and a second electrode
where a placing table serves as the first electrode configured
to place a substrate, a processing gas is supplied to the pro-
cessing chamber, and a high-frequency power is applied
between the first and second electrodes to convert a process-
ing gas into a plasma thereby performing a plasma processing
for the substrate, the method comprising:

setting a temperature of the second electrode to a first
temperature;

storing a target temperature into a storage unit, the target
temperature being lower than the first temperature
acquired in advance by associating with an accumulated
time of the plasma processing or the number of process-
ing substrate after start using the second electrode; and

controlling a temperature controller for reading the target
temperature from the storage unit while the substrate is
being processed with the plasma processing and adjust-
ing the second electrode to the target temperature while
the substrate is being processed with the plasma process-
ing in order to suppress a temperature change of the
second electrode caused by an extended use of the sec-
ond electrode.

4. The plasma processing method of claim 3, wherein the
temperature controller includes an input device configured to
manually input the target temperature of the second electrode
with the accumulated time of the plasma processing or the
number of processed substrates after start using the second
electrode.



